Preservation of water quality and prevention of waterborne disease is a complicated task requiring a coordinated effort from many diverse disciplines including physicians, healthcare providers, epidemiologists, microbiologists, academic scientists, science researchers, local and national health authorities, public and environmental health specialists, water engineers and water purveyors. Any successful strategy to ensure water quality and safety in the United States must include the medical community as a valued stakeholder and active participant in this ongoing public health challenge. Unfortunately, the majority of practicing healthcare providers in the US has received limited training in the recognition and evaluation of water-related disease and faces many significant challenges and numerous barriers to diagnosing waterborne disease and the health effects of water pollution in their patients. The purpose of this review is to define the specific challenges facing the medical community with regard to clinical recognition of waterrelated disease and to provide recommendations for the development of specialized clinical resources and targeted educational outreach programs to assist the medical community in improving their ability to appropriately address water-related disease in their patients.
INTRODUCTION TO THE PROBLEM OF RECOGNIZING WATERBORNE DISEASE
Contamination of drinking water or recreational waters by infectious pathogens, chemical compounds or radiologic agents has the potential to affect the health of millions of residents in the United States. Preservation of water quality and prevention of water-related disease is a complicated task requiring a coordinated effort from many diverse disciplines including physicians, healthcare providers, epidemiologists, microbiologists, academic scientists, local and national health authorities, public and environmental health specialists, water engineers and water purveyors (Meinhardt 2002) . In order for the medical community to participate in this multi-disciplinary effort, they must be educated regarding their important role in recognizing and preventing waterborne disease and the health effects of water contamination. Any future strategic plan to ensure water quality and safety in the United States must include the medical community as essential stakeholders and important participants in this ongoing public health challenge.
It is important to note that water consumers are Medical practitioners throughout the United States must be especially vigilant in light of the fact that they are likely to be the first to observe the early warning signs and changes in illness patterns that may result from intentional acts of water contamination and must understand their critical role in protecting the public's health.
Accurate and timely diagnosis of waterborne disease by the medical community is critically important since the medical, public health, and economic consequences of a waterborne disease outbreak are sobering, particularly if public drinking water is contaminated. A review of two recent examples of waterborne disease outbreaks resulting from accidental contamination of municipal drinking water systems illustrates the serious outcomes for both urban and rural communities. The massive outbreak of waterborne cryptosporidiosis in Milwaukee, Wisconsin in 1993 is an example of how contaminated water distributed through a large municipal water system can lead to a major public health challenge for a metropolitan community (Ford & MacKenzie 2000) . An estimated 403,000 Milwaukee residents developed diarrhoea reflecting an attack rate of 52% of the population served by the contaminated municipal water system in 1993 (Mackenzie et al. 1994) . In addition, more than 4,000 Milwaukee residents were hospitalized during the waterborne outbreak, with cryptosporidiosis listed as the underlying or contributory cause of death in 54 residents following the outbreak (Hoxie et al. 1997) . It has been estimated that 725,000 productive days were lost as a result of the water contamination event at a cost in excess of $54 million in lost work time and additional expenses to residents and local government in Milwaukee (HMSO 1995) . In 2000, the municipal water supply of the small rural community of Walkerton, Ontario was contaminated with E. coli O157:H7 resulting in 2,300 symptomatic residents and seven deaths attributed to the waterborne disease outbreak (Meinhardt 2002) . More than $11 million was required to re-construct the rural community municipal water system and install temporary filtration after the E. coli Meinhardt et al. 1996) . † Many of the infectious pathogens and chemical contaminants found in the water environment are not unique to water and may exhibit multiple routes of exposure and result from other sources of contamination in the patient's environment such as food, soil, and air (Meinhardt et al. 1996; Brooks et al. 1995) . † Waterborne exposure events in a healthy patient population may present as benign symptoms or self-limited illness while the same waterborne exposure events in a vulnerable patient population may result in significant morbidity including chronic and life-threatening disease and, in some cases, death (Meinhardt et al. 1996) .
When assessing the impact of waterborne disease in the general population, the clinical and diagnostic challenges faced by the medical community are often complex and difficult. However, it is even more challenging to evaluate and manage certain individuals at greater risk for morbidity and mortality from exposure to waterborne pathogens and contaminants (Gerba et al. 1996) . Susceptible or vulnerable subpopulations may experience significant medical sequelae from water-related disease at lower levels of exposure to waterborne contaminants than the general population. This percentage is expected to grow as life-spans increase and immunocompromised individuals survive longer (Gerba et al. 1996) . In addition, children and neonates may be at greater risk resulting from biological factors such as higher ratios of skin surface to body mass resulting in a proportionally greater body burden of water contaminants than in adults (Olin 1998; Meinhardt 2002) . concern and what the facts support. Therefore, the medical practitioner is challenged with communicating highly technical scientific information about risk in a fashion that is understandable and credible to the patient (Cullen et al. 1995; Meinhardt 2002) . † Skillful risk communication is necessary since it is not always possible to establish with certainty that the patient's disease has been caused by a specific waterborne contaminant exposure. The healthcare provider is often required to communicate information about the probability that the patient's disease may have been caused by an environmental contaminant exposure (Cullen et al. 1995; Meinhardt 2002) . † Many patients (the "worried well") may believe that a minor waterborne contaminant exposure may result in immediate risk of serious illness. At the other end of the spectrum, many "at risk" patients seriously underestimate their risk of developing water-related disease and disregard the need to act cautiously (Cullen et al. 1995; Meinhardt 2002 ). 
BARRIERS TO IMPROVED CLINICAL DIAGNOSIS OF WATER-RELATED DISEASE

CONCLUSIONS
Preventing waterborne disease and the health effects of water contamination is vital to our nation's public health due to the fact that access to safe drinking water is a required cornerstone of public health. Modernized sanitation methods and access to potable water have increased the lifespan and improved the general health of US citizens more than any other advancement in the field of medicine (Last 1998) . As this review has made apparent, there are numerous barriers to improving the clinical diagnosis of waterborne disease and the health effects of water contamination by the medical community. In order for the medical community to overcome these significant challenges, they must be provided with the essential tools necessary to diagnose, manage, and prevent water-related disease if the health of their individual patients as well as the public health of the nation is to be protected.
